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Background: The high incidence of post-stroke depression has been claimed to reflect a specific,
stroke related pathogenesis in which lesion location plays an important role. To substantiate this claim,
post-stroke depression should occur more often than depression after another acute, life threatening,
disabling disease that does not involve cerebrovascular damage.
Objectives: To compare the cumulative one year incidence of depression after stroke and after myo-
cardial infarction, taking into consideration differences in age, sex, and the level of handicap.
Methods: In a longitudinal design, 190 first ever stroke patients and 200 first ever myocardial infarc-
tion patients were followed up for one year. Depression self rating scales were used as a screening
instrument to detect patients with depressive symptoms. Major and minor depression was assessed at
one, three, six, nine, and 12 months after stroke or myocardial infarction according to DSM-IV criteria,
using the structured clinical interview from DSM-IV. The severity of depressive symptoms was measured
with the Hamilton depression rating scale. Level of disability and handicap was rated with the Rankin
handicap scale.
Results: The cumulative one year incidence of major and minor depression was 37.8% in stroke
patients and 25% in patients with myocardial infarction (hazard ratio 1.6; p = 0.06). This difference
disappeared after controlling for sex, age, and level of handicap. In addition, no differences were
found in the severity of depressive symptoms or in the time of onset of the depressive episode after
stroke or myocardial infarction.
Conclusions: Depression occurs equally often during the first year after stroke and after myocardial
infarction when non-specific factors such as sex, age, and level of handicap are taken into account.
Thus the relatively high incidence of post-stroke depression seems not to reflect a specific pathogenic
mechanism. Further research is needed to investigate whether vascular factors play a common role in
the development of depression after stroke and myocardial infarction.

Different pathogenic models have been proposed to
explain the high prevalence of post-stroke depression.
The most influential model suggested a neurobiological

mechanism, with the highest risk for depression in cases with
a left hemispherical infarction.1 Depression in elderly people
has also been related to a more general vascular pathogenesis,
being associated with white matter hyperintensities and mul-
tiple silent cerebral infarctions on magnetic resonance
imaging (MRI).2 In addition, non-specific mechanisms—such
as personality traits and lack of social support3—may also be
involved in the pathogenesis of post-stroke depression.

The few studies that have directly compared the prevalence
of depression in patients with cerebrovascular disease and
non-cerebral vascular disease reported a higher prevalence in
stroke patients.4 5 However, these studies may be criticised
because of cross sectional designs, small sample sizes, depres-
sion diagnoses based on rating scale scores, and lack of control
of potentially confounding variables such as age, sex, and the
severity of handicap.

In this study, we compared the cumulative one year
incidence of depression after stroke and myocardial infarction,
after controlling for such potential confounders. Like stroke,
myocardial infarction has an acute onset, is life threatening,
can recur, and tends to run a chronic course with a mild to
severe impact on the patient’s quality of life. Moreover, stroke
and myocardial infarction share similar vascular risk factors.
Therefore, if the incidence of post-stroke depression differs
from post-myocardial infarction depression after controlling
for sex, age, and level of handicap, this may be seen as circum-

stantial evidence of a difference in the pathogenesis of

depression between these two diseases.

METHODS
Patients
One hundred and ninety consecutive patients with a diagno-

sis of first ever hemispheric cerebral infarct and 200 patients

with a diagnosis of first ever myocardial infarct were included

in the study. The patients were recruited from the emergency

department of the University Hospital of Maastricht, Nether-

lands. This university hospital serves approximately 200 000

inhabitants, being the only hospital in the Maastricht region.

Stroke was diagnosed by a neurologist according to the

WHO criteria.6 The ischaemic nature of the stroke was verified

by computed tomography (CT). Patients with other types of

stroke (for example, recurrent stroke, haemorrhage, or brain

stem infarction) were not included, in order to increase the

homogeneity of the study groups. Patient data were entered

into a prospective stroke registry, which has been described in

detail elsewhere.7
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Myocardial infarction was diagnosed by a cardiologist on

the basis of clinical presentation, electrocardiography typical

of acute myocardial infarction, and a maximum value of

aspartate aminotransferase of > 80 U/l (twice the upper limit

of normal).8

Patients from both cohorts were excluded for the following

reasons:

• if they had a major psychiatric disorder other than affective

disorders (for example, schizophrenia or a current psychotic

episode);

• if they had reported a depressive episode in the weeks

before the time of the stroke/myocardial infarction;

• if they had a comorbid intracerebral disease;

• if the clinician judged that they were unable to understand

the informed consent procedure (for example, because of

severe aphasia or dementia) after having administered the

mini-mental state examination (MMSE) and the Frenchay

aphasia screening test (FAST) (see Methods).

All participants gave written informed consent. The study was

approved by the local medical ethics committee.

METHODS
Optimal comparability was achieved by using a similar study

design and similar methods for both patient groups. All

patients were followed up during the first year after stroke or

myocardial infarction. One month after the stroke or myocar-

dial infarct, all patients were interviewed using the structured

clinical interview of DSM-IV (SCID-I-R),9 allowing for a diag-

nosis of both major and minor depression.10 The severity of

depressive symptoms was measured with the 17 item Hamil-

ton depression rating scale (HAM-D).11 All interviews were

administered by well trained research physicians (IA or JS).

At the follow up interviews at three, six, nine, and 12

months, depression was diagnosed using a two step proce-

dure. First, three psychiatric self rating scales for depression

were administered—namely, the Beck depression inventory

(BDI),12 13 the hospital anxiety and depression scale

(HADS),14 15 and the 90 item symptom checklist (SCL-90).16 17

Then patients who exceeded the previously defined cut off

value on at least one of these scales were reinterviewed using

the SCID and HAM-D. For the BDI, the cut off value was 9/10,

for the HADS 7/8 for both subscales separately, and for the

depression subscale of the SCL-90 a threshold of 22/23 was

used for men and 27/28 for women. The sensitivity of this

screening procedure has previously been proven to be high, at

91.2% in stroke patients and 85.7% in myocardial infarction
patients. The specificity rates were 48.2% and 65.7%,
respectively.18 19

At the one month follow up, disability and handicap were
rated using the Barthel index20 and Rankin score,21 respectively.
The Rankin score is derived from an ordinal six point scale in
which two consecutive scores can be considered to represent
equal increases in the level of handicap. Data concerning demo-
graphics, level of education, living situation, family history of
psychiatric disorders, and drug treatment were collected by
interview. A family history of psychiatric disorders was rated
separately for different groups of disorders (affective, schizo-
phrenic, substance abuse, and so on) but was dichotomised into
positive or negative psychiatric family history in order to
optimise the statistical power. The personal history of depres-
sion was measured using the SCID-I-R. In stroke patients,
MMSE22 and FAST23 were administered to measure global
cognitive functioning and aphasia, respectively.

Analysis
Cumulative incidence rates for post-stroke depression and

post-myocardial infarction depression were analysed using

survival analysis techniques. If data on depressive status were

missing, patients were considered “not depressed” if they

were not depressed at the previous assessment and if the

depressive state at the next assessment was validly measured.

In all other situations, the case was excluded from further

analysis from the time point of the missing value onward. A

Cox regression analysis was undertaken, with cohort (stroke

or myocardial infarction) as the independent variable,

controlling for sex, age, and level of handicap (Rankin score).

The output of the Cox analysis was checked for instability by

influential cases and for violation of both the proportional

hazards assumption and the assumption of linearity of effects.
For comparisons between descriptive sample characteris-

tics, Student’s t test was used in the case of continuous
normally distributed variables. The Mann–Whitney U test was
used for non-normally distributed or ordinal variables. A χ2

test was used for all dichotomous variables. Lastly, one way
analysis of variance (ANOVA) was used to compare differences
in HAM-D scores between major depressed, minor depressed,
and non-depressed patients.

For all analyses, the level of statistical significance was set at
p < 0.05 (two tailed).

RESULTS
The stroke patients were recruited from a total sample of 444

consecutive patients with a first ever hemispheric cerebral

Table 1 Demographic and outcome related characteristics of patients with stroke
and myocardial infarction

Variable Stroke (n=190) MI (n=200) p Value

Sex (female) 46.8% 23.0% <0.001
Age (years) (mean (SD)) 68.6 (11.7) 60.0 (10.8) <0.001
Level of education <0.001

Primary school 42.2% 25.9%
Junior secondary vocational education 25.8% 19.3%
Senior secondary vocational education 19.0% 31.5%
(Pre-)university education 13.0% 23.3%

Living alone 35.7% 18.0% <0.001
MMSE (median, range) 26 (16 to 30) – –
FAST (median, range) 27 (9 to 30) – –
Barthel (mean (SD))* 17.4 (4.7) 20.0 (0.2) <0.001
Rankin (mean (SD))† 2.4 (1.2) 1.2 (0.7) <0.001
Personal history of depression 21.8% 12.0% 0.01
Family history of depression 20.1% 10.0% 0.006
Family history of other psychiatric disorders 43.3% 11.5% <0.001

*Barthel index: completely dependent in activities of daily living 20; no disabilities 0.
†Rankin score: no handicaps 0; bedridden 5.
FAST, Frenchay aphasia screening test (minimum score 0; maximum score 30); MI, myocardial infarction;
MMSE, mini-mental state examination (minimum score 0; maximum score 30).
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infarction. One hundred and ninety three patients (43.5%)

were excluded, for the following reasons: severe comorbidity

with severe cognitive disorders, including aphasia (54 patients

(28.0%)); severe somatic comorbidity, for example loss of con-

sciousness, general frailty, and comorbid intracerebral disease

(38 patients (19.7%)); and combined cognitive and somatic

comorbidity (12 patients (6.2%)). Further reasons for exclu-

sion were death within one month after stroke (37 patients,

19.2%), current depressive episode at the time of the stroke

(eight patients, 4.1%), and current other major psychiatric

disorder (four patients, 2.1%). The remaining 40 patients

(20.7%) were excluded for other reasons (living outside the

Maastricht region, intractability despite repeated efforts, lan-

guage barrier, and so on). Of the remaining 251 eligible

patients, 61 (24.3%) refused participation. Thus, 190 stroke

patients remained in the study.
In the myocardial infarction group, 200 of a total of 415

consecutive patients were included (48%). Ninety five patients
were excluded (22.9%). Reasons for exclusion were death
within the first month after the infarct (28 patients, 29.5%),
severe comorbidity (19 patients, 20.0%), and psychiatric
disorder (six patients (6.3%) had depressive disorder at the
time of the myocardial infarct, and three (3.2%) had some
other major psychiatric disorder). The remaining 39 patients
(41.1%) were excluded for reasons such as living outside the
Maastricht region, intractability despite repeated efforts, lan-
guage barrier, and so on. Of the 320 eligible patients, 120
(37.5%) refused participation.

Patients who refused to participate were somewhat older
than the participants in both the stroke cohort (mean (SD):
72.4 (9.7) v 68.6 (11.7) years; t(2) = 2.6, p = 0.01) and the
myocardial infarction cohort (65.6 (12.2) v 60.1 (10.8) years;

t(2) = 4.2, p < 0.001). In the myocardial infarct cohort,
women refused to participate more often than men (53.1% v
30.6%; χ2(1) = 14.6; p < 0.001). Refusers were all asked at
least to fill out the SCL-90 and HADS, and 57.4% of the stroke
patients and 33.3% of the myocardial infarction patients did
so; in both cohorts, the mean depression scores of refusers
were comparable with the scores of those who participated.

Follow up data were incomplete in 33 of the 190 stroke
patients who participated in the study (17.4%), in whom
depression had not been diagnosed, as compared with 14 of
the 200 patients in the myocardial infarction group (7.0%).

The major characteristics of the two study samples are
summarised in table 1. The stroke cohort differed from the
myocardial infarction cohort with regard to age, sex distribu-
tion, level of education, and level of handicap. On average,
stroke patients were almost nine years older than the patients
with myocardial infarction. In the stroke cohort, 47% were
women, as opposed to 23% in the myocardial infarction
cohort. Stroke patients were more severely disabled and
handicapped.

The one year cumulative incidence of depression (major and
minor combined) was 38.7% after stroke and 28.4% after
myocardial infarction (adjusted for cases with incomplete fol-

low up; see table 2). Thus stroke patients tended to have a

higher risk of depression than patients with myocardial

infarction (hazard ratio (HR) 1.4; p = 0.06). However, if sex,

age, level of handicap (Rankin score), and the interaction

between younger age and greater severity of handicap

(age*Rankin) were entered into the analysis as covariates, this

tendency disappeared (HR 1.08; p = 0.72) (fig 1). Moreover,

both female sex (HR 0.6, p = 0.02) and age*Rankin (HR 0.9,

p = 0.007) independently predicted a depressive outcome

Table 2 Cumulative incidence of depression after stroke or myocardial infarction
during one year of follow up (irrespective of the distribution of age, sex, and
handicap)

Time of
assessment
(months)

Number at
risk

Incident cases of
depression

Proportion
depressed

Cumulative proportion
depressed

Stroke 1 190 41 21.6% 21.6%
3 137.5 7 5.1% 25.6%
6 117 7 6.0% 30.0%
9 107 6 5.6% 33.9%
12 98 7 7.1% 38.7%

MI 1 200 28 14.0% 14.0%
3 166 9 5.4% 18.7%
6 151 4 2.6% 20.8%
9 146.5 11 7.5% 26.8%
12 134.5 3 2.2% 28.4%

MI, myocardial infarction.

Table 3 Cox regression analysis on the effect of cohort (stroke or myocardial
infarction) on the cumulative incidence of depression (major and minor together) with
and without controlling for sex and the interaction between age and level of
handicap

HR 95% CI p Value*

Bivariate model Stroke cohort 1.42 0.99 to 2.02 0.06

Multivariate model Stroke cohort 1.08 0.70 to 1.67 0.72
Female sex 1.59 1.08 to 2.34 0.02
Age 1.02 0.99 to 1.06 0.18
Rankin† 2.05 0.99 to 4.23 0.05
Age × Rankin 0.99 0.97 to 0.996 0.007

*2 tailed level of significance.
†Rankin scores were inverted in order to create an interaction term that increases with increasing age and/or
decreasing level of handicap.
CI, confidence interval; HR, hazard ratio.
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(table 3). When major depression was analysed separately, its

cumulative incidence was significantly higher after stroke

than after myocardial infarction on bivariate analysis (HR 2.1;

p = 0.003), but again, this difference disappeared after

controlling for sex and age*Rankin (HR 1.36; p = 0.31).

In both cohorts about half of the incident cases of

depression had already developed by one month (50.7% of

depressed stroke patients and 46.7% of depressed myocardial

infarction patients; table 2), indicating that depression had an

early onset in many patients. In the stroke cohort, 41 patients

(23.3%) met DSM-IV criteria for major depressive disorder

and 27 (15.4%) met criteria for minor depressive disorder. In

the myocardial infarction cohort, 23 patients (11.9%) were

diagnosed with major depression and 32 (16.5%) with minor

depression. No difference in the severity of depressive

symptoms was found between stroke and myocardial infarc-

tion cohorts, nor did the difference in HAM-D scores for major,

minor, and non-depressed patients differ between the two

cohorts.

Of the patients who were considered not to be depressed,

7.6% in the stroke cohort and 6.5% in the myocardial

infarction cohort were prescribed antidepressants by their

general practitioner at some time during follow up. The reason

for taking this treatment was not known. Reanalysis of the

cumulative incidence of depression in both cohorts when con-

sidering these patients as depressed did not yield different

results (data not shown).

DISCUSSION
To our knowledge, this study is the first to compare directly

the cumulative one year incidence of depression in patients

after stroke or after myocardial infarction, using a similar lon-

gitudinal study design, setting, and methods. After we

controlled for differences in age, sex, and level of handicap

between stroke patients and patients with myocardial infarc-

tion, there was no longer a statistically significant difference in

the incidence of depression between the two cohorts. In both

groups the highest incidence of depression was found in the

early phase (that is, one month) after the stroke or myocardial

infarct.

At first sight, the results of our study support the general

impression from published reports that the incidence of

depression is higher in stroke patients than in patients with

other vascular diseases. Our data do not, however, favour the

hypothesis of a specific relation between depression and

cerebral infarction, as the incidence of depression after stroke

did not differ from the incidence after myocardial infarction

after controlling for confounding variables. Thus the increased

incidence of depression after stroke and myocardial infarction

may reflect other factors shared by the two conditions. One

possible mechanism is that generalised damage to the vascu-

lar system in the brain may subsequently affect mood regula-

tory processes—the so called vascular hypothesis, as has been

put forward by Krishnan and coworkers.2 This more general

vascular mechanism could play a role in both myocardial inf-

arction and stroke. We could not test this because brain imag-

ing data on vascular brain damage were not available for the

myocardial infarction cohort, although there is some indirect

evidence to support the hypothesis. Several vascular risk

factors—such as hypertension, raised serum cholesterol, and

diabetes mellitus—that are common to both stroke and myo-

cardial infarction, have also been related to depression.24 25 In

addition, damage to the small vessels of the brain, measured

as white matter hyperintensities on MRI,26 and silent cerebral

infarcts27 28 have also been related to depression. However, less

specific mechanisms may be involved as well. In line with the

general diathesis–stress model, both stroke and myocardial

infarction can be considered as powerful stressors, with often

drastic consequences for a patient’s physical, psychological,

and social functioning. Other factors that influence vulner-

ability, such as a history of depression and personality traits,29

may also be involved. The complex interacting effects of

physical illness with psychological and social factors may

account for a large part of the variance in mood dysregulation

in physically ill patients.

Our study has various strengths, such as its prospective

design and the use of well defined assessment scales and

methods. A drawback, however, is that patients with severe

cognitive dysfunction (dementia, aphasia) or general frailty

were excluded. Thus the results cannot be generalised to

patients with severe comorbid conditions, commonly found in

geriatric patients. In the stroke cohort in particular, this may

have led to underrepresentation of patients with severe

disabilities. As we found a more severe level of handicap to be

predictive of depression, we cannot rule out the possibility

that the true incidence of post-stroke depression would be

higher in less selected cohorts.

Conclusions
We found no evidence that the incidence of depression is

higher in stroke patients than in patients with non-

cerebrovascular disease, after taking confounding factors such

as age, sex, and the level of handicap into account. This chal-

lenges the hypothesis that specific cerebral factors play a

major role in the pathogenesis of post-stroke depression.
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ECHO ................................................................................................................
Radiotherapy can maintain sight in optic nerve sheath meningioma

Patients who need treatment for primary optic nerve sheath meningioma (ONSM) may be

spared the blindness that follows surgery with a treatment which has proved successful

in the largest series of patients studied so far.

The study of 15 patients used stereotactic fractionated conformal radiotherapy to treat

ONSM and halt its spread. At a mean follow up of 37 months (range 12–71 months) the

tumour had not progressed in any patient. Sight was maintained and, indeed, vision improved

in seven patients—who had larger visual field (>8%)—and one with greater visual acuity (>2

lines). The procedure provoked only local reddening and local hair loss, which reversed with

time, and hyperprolactinaemia (two patients) and partial hypophyseal insufficiency (one).

Twelve patients were women (mean age 51.5 years) and three were men (mean age 35

years). Systemic disease was excluded, and ONSM was confirmed by biopsy (three patients)

or MRI or computed tomography (12). Each patient had a thorough eye examination and

tests for acuity and visual fields. All patients received 54 Gy total irradiation in 28 fractions

during 5.5 weeks. They were followed up closely, with eye examinations, radio-oncological

and endocrine tests, and MRI scans.

Primary ONSM is rare but nearly always results in blindness—whether left alone or surgi-

cally treated when it starts to affect surrounding tissues. This alternative treatment is a major

advance. The study’s authors recommend it for all stages of ONSM, to stand the best chance

of maintaining eyesight, though only longer follow up will tell whether the tumours eventu-

ally recur.

m British Journal of Ophthalmology 2002;86:1265–1268.
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